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A flip chip having solder bumps (118), an integrated 
underfill (114), and a separate flux coating :(\20l as ; well as 
methods for making such a device, is described. The device .s 
characterized in that the underfill material (1 14) is provide*! on 
the chip surface prior to the application of solder bumps and 
then optionally treated to form apertures (116) therem which 
act as a mask for solder bump application. The resulting dev ce 

IfflSJ^SS^ ^ch heretofore have retired a separate underfilling step. 
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FT TP CHIP WTTH TNTFGRATFD FLUX. M ASK AND UNDERFILL 

Field of the Invention 

The present invention relates to a novel flip chip design. More particularly, the present 
5 invention relates to a flip chip which incorporates solder bumps, flux and an underfill material, 
wherein the underfill material acts as a mask during application of the solder bumps. 

Background of the Invention 

In the electronics industry, electrical components such as resisters, capacitors, inductors, 
10 transistors, integrated circuits, chip carriers and the like are typically mounted on circuit boards 
in one of two ways. In the first way, the components are mounted on one side of the board and 
leads from the components extend through holes in the board and are soldered on the opposite 
side of the board. In the second way, the components are solileredJp the same side of the board 
upon which they are mounted. These latter devices are said to be "surface-mounted." 
15 Surface mounting of electronic components is a desirable technique in that it may be used 

to fabricate very small circuit structures and in that it lends itself well to process automation. 
One family of surface-mounted devices, referred to as "flip chips", comprises integrated circuit 
devices having numerous connecting leads attached to pads mounted on the underside of the 
device. In connection with the use of flip chips, either the circuit board or the chip is provided 
20~ with-small bumps or balls of solder (hereafter dumps'' or "solder bumps") positioned in 

locations which correspond to the pads on the underside of each chip and on the surface of the 
circuit board. The chip is mounted by (a) placing it M contact With the board such that the solder 
bumps become sandwiched between the pads on the board and the corresponding pads on the . 
chip; (b) heating the assembly to a point at which the solder is caused to reflow (i.e., melt); and 
25 (c) cooling the assembly. Upon cooling, the solder hardens, thereby mounting the flip chip to the 
board's surface. Tolerances in devices using flip chip technology are critical, as the spacing 
between individual devices as well as the spacing between the chip and the board is typically 
very small. For example, spacing of such chips from the surface of the board is typically in the 
range of 0.5-3.0 mil and is expected to approach micron spacing in the near future. 
30 One problem associated with flip chip technology is that the chips, the solder and the 

material forming the circuit board often have significantly different coefficients of thermal , , 
expansion. As a result, differing expansions as the assembly heats during use can cause severe 



PCT/US99/08812 

WO 99/56312 , _ _ • 

stresses, i.e., thermomechanical fatigue, at the chip connections and can lead to failures which 
degrade device performance or incapacitate the device entirely. 

In-order to minimize tK^oriiechariitalfati'gue resulting from different thermal' 
expansions, thermosest epoxies have been used. Specifically, these epdxies are used as an 
underfill material which surrounds the periphery of the flip chip and occupies the space beneath 
the chip between the underside of the chip and the board which is not occupied by solder. Such 

... - 't 

epoxy systems provide a level of protection by forming a physical barrier which resists or 
reduces different expansions among the f components of the device. 

... Improved' underfill materials have been' developed in which the epoxy thermbset material 
is provided with a silica powder filler. 1 By varying the amount of filler materiai: it is possible to 
cause the coefficient of thenWal expansidri 'of the filled epoxy thermoset to match that of the 
solder. In so doing, relative movement between the underside of the flip chip and the solder 
connections) resulting : fWmmeir differing expansion; is' minimized. Such 

Filled epoxy mermosetsi therefor^ 

thermomechahical fatigue' during operatioh of the device. 

;. >Whfle ; Wa^ir-^^olve^ ; die thermal mismatch problemibr flip chips on printed circuit 
boards, it has created' signifibant diffieulti^^ For example, the 

underfill must be applied off-line using 'special equipment. Typically, the underfill is applied to 
up to three edges ofthe assembled flip chip -and allowed to flow all the way under the ! chip. 
Once the material has flowed to opposite e*dges and all 'air has 'Ween displaced from under the 
chip, additional ^nderfill'is dispensed to the outer edges so : as to form a fillet making all four 
edges symmetrical. This improves reliability and appearance. Next, the assembly is baked in an 
oven to harden the underfill. This process, which may take up to several hours, is necessary to 
harden and fully cure the underfill. Thus) although the underfill solves the thermal mismatch ' 
problem and provides a commercially viable solution, a simpler manufacturing method would be 
desirable. 

Recently, attempts have been made to improve and streamline the underfill process. One 
method that has shown some commercial potential involves dispensing underfill before 
assembling the flip chip to the board. This method requires that the underfill allow solder joint 
formation to occur; Soldering of flip chips to printed circuit'b'oards is generally accomplished by 
applying flux to the solder bumps on the flip chip or t6 the circuit pads on the printed circuit 
, , rr,, • 1. v . -..» — ^o^'pv, ,,viri<.vf;ii tViot ic'^icr>^ricpH first nrior to making 

Tr, Wrfftf ti\ fnwlitatR solder bondine: however, the underfill must contain flux 
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or have inherent properties that facilitate solder joint formation. Flux is used since the pads on 
printed circuit boards often oxidize, and since spider bumps on flip .chips are always oxidized, 
Thus, the flux is designed to. remove the oxide layers facilitating spider joint formation. 

Certam underfills commonly called ^ispense. first underfflls'^have been ; designed^vith 
self-contained flux chemistry. Unfortunately, the properties required for a good .flux- and those 
required for a good underfill are not totally compatible.. As such, ^compromise of prpperties 
results. The best flux/underfill materials typically : reouire moye than an hour to harden. , a 
Additionally! flux-containing "underfills still req^ 

dispensing machines Also.since spider assembly and : underfill application ar.q cpmbfeed into a 
single step 'the flip chip qannot ^tested, until .the assemb-lyh complete. Thus, ; i£.the chipdoes 
not operate satisfactorily, it cannot be removed, because theamderfill will have hardened, thereby 
preventing reworking,,. ^,1,^ , Ji:V - M ■ .^./^n ..;-.<•;.. ■■ ■■■ v;!J -' i 2 - ' J ' ! ' ■ '' ' 
Fmally .pertain prpb^en^ 
" to bumped sur^ ° f 
15 bumped surface is not readily amenabj^to 

. high viscosity. : Thus, Prpyiding.the.fl H x/^ at leaSt 

' me possibility of discon^ 
process, F^e^o^ of me^ux/underfillflayer, it 

may be possible to eliminate prpcess ste^s^t^ manufacturing process while 

20. providing chip makers with..greater design 

In view of the above, a need still exists for a^more efficient process,that reduces the need 
for expensive equipment and that is pon^atible ^ existing ; electronic device assembly lines. A 
need for a reworkable underfill also exists. A further need exists forra flux/underfill material that 
can optionally act as a mask during the bumping . steps as well. > 
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Summary of the Invention 

The present invention relates to an integrated circuit assembly comprising a . , 
semiconductor wafer which includes solder bumps, flux, and an underfil^material. In a broad 
sense, .the invention relates to an integrated circuit assembly which, includes a substrate having a 
30 plurality of solderable contact sites on one surface, and a plurality of solder bumps positioned .on 
that surface such that each of the solderable contact sites has one solder bump associated .with, 
and affixed to each solderable contact s^te. Each site further includes a flux material which . 
covers at least a portion of each solder, bump andean underfill material which occupies the space 
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defmedbetween each of the solder bumps. Wunderfill material is of a depth such that at least 
a flux covered portion of each solder bump extends above the underfill. In the present case, the 
underfill material can be applied to the wafer priorto or after applying the solder bumps. If 
applied first, the underfill can then be processed to corivert it into a mask to assist in placement 

5 of the bumps onto the wafer surface,, 

. The present invention also relates to a method for making an integrated circuit assembly 
which includes the steps of providing a substrate having a plurality of solderable contact sites on 
a surface thereof, positioning a plurality of solder bumps on the substrate such that each of the 
solderable contact sites has one solder bump associated with it, and affixing each solder bump to 

10 its associated contact site. Once the solder-bumps are mounted, a flux material is applied to the 
solder bumps in a manner such that at least a portion of each solder bump is provided with flux. 
Finally, an uhderfilimateriaHs applied to me surfaced the substrate. The underfill occupies the 
space defined between each of the solder* tairnps and iias J a-depte^bJik at least a flux covered 
portion of each solder bump extends- thr^ 

15 The present invention also relates id a method for niakmg an integrated circuit asserribly 

which includes, the steps of providing a ; substrate' having a plurality of solderable contact sites on 
a surface thereof. An underfill material is^appliea to the surface of thd substrate. Subsequently, 
the underfill is treated to form gaps therein at each of the solderable contact sites . The resulting 
underfill mask simplifies application of the solder bumps to 1 the wafer in 1 a manner such that each 

20 of the-solderable contact sites has one solder bump associated with it. Each solder bump is then 

. i 

• mounted to its associated contact site3 Once the solder blimps are mounted, a flux material is 
applied to the solder bumps in a manner such that at least a portion of each solder bump is 
provided with flux. The resulting wafer is characterized in that the underfill' occupies the space 
defined between each of the solder bumps and has a depth such that at least a flux covered 

25 portion of each solder bump extends through the underfill. 

Lastly, the invention relates to a process for affixing a flip chip to a circuit board. The 
method involves 'providing a printed circuit board having a plurality of solderable contact sites 
on a surface, providing an integrated circuit chip of the type described above (i.e. , a chip having 
solder bumps, flux and an underfill material present on its surface), and positioning the integrated 

30 circuit chip relative to the printed circuit board such that each solder bump is in contact with a 
solderable contact site on the printed circuit board.; Once positioned, the integrated circuit chip 



. - , . , , , • i*!. . u: >k f^nt+ u^Anr p-nrl tV»p nnHp.rflll material. 

assembly is iieateG to a temperaiuic suijlicichu^ mgn ^ ai^h. mw oviuvi <u*« 



Subsequently, the assembly is allowed to cool- to a temperature which allows the solder and ■ 
underfill material to solidify. : r ■..>--<.:■;: "-~ -' : 

Brief Description of th e Drawings 

5 FIG . l is a schematic elevation of a wafer having solder bumps hereon. 

FIGS. 2A and 2B are.sehematic depictions of m apparatus for providing a flux coating on 

solder bumps. . . . v ; 

FIG. 3 is a schematic elevation of a flipehip having solder bumps, each such bump 

having a flux coating thereon.. • , . ■ !• ^' 

10 ' FIG. 4 is a SQh^matic elevation of the device ofFIG. 3 having an, underfill material 

applied between the sqlderbumps.. j . , ( . ■ > A n.r- «u- t^--.*-* - "•■ ' 

FIG. 5 is a schematic, flev,ational, yiew.of an a|temative,emb.odirnent of FJG. .4 in which 

the flux coating entirely surr/^ . 
FIG. 6 is a schematic depicUon, of 

15 i an underfin material: form^ :? ' 

FIG^7is4^chematip .depicfio^ of the de/viqe^in FIG; 4 in which! the underfill material has 
been treated Vform apertures^herein, the apcriures allowing the-underfill to act as a mask during 

solder bump, application. : . ; : , }? ■ , ^ l -' r( : "'\ i '~ 

. FIG. 8, is a schematic depiction .of the, ^eyice of FIG;. 7 following; application of solder 

20 bumpS. , ..- , r ,- K --~ ; .-■■■^~~^r- [■'.- ■. . '•■^■'•y 

FIG. 9 is a schematic depicjtionof the device of FIG. 8 showing application of a flux-layer 

over the solder bumps. . . , . •, '■■■„.. •■■■ ; > ■■■ " ■" '• '•' ' ' 

FIG. 10 is a, schematic depiction of an alternate embodiment of the.device of FIG/9 

showing application of a flux layer over the ■ spider bumps only. ; ^ . 

25 y-. u . . :.. r... - " ■ ■■ - ' ' :v ■ 

Detailed Description of the Inventio n • 
The present invention, provides a unique method of applying fluxes and underfills during 
the flip chip mounting process. Specifically, the present invention relates to the application of 
underfill and flux at the wafer level before the wafer is .divided into-individual integrated circuits. 
30 Thus, in the present invention the, underfill and flux are pre-applied and converted into a solid 
state. This process differs from other types of underfill application processes in which the ' 
underfill is present in the liquid state and, then applied ; to the device at the pqint of chip assembly 
to the printed circuit board. Additionally, the underfill and the flux are separated, rather than 



WO 99/56312 , PCT/US99/08812 

- o - 

being mixed as a combined flux/underfill composition. As noted previously, liquid systems 
combine the flux and- underfill systems into a single composition and, thus, provide neither flux 
nor underfill having ideal properties. ' " J ' 

The present invention recognizes that flux is required only at the areas of the solder 
5 - bumps, and not in the spaces in between those connecting elements. Thus, the present invention 
; separates the flux from the underfill in the regions' between the solder bumps. Furthermore, by 
maintaining the flux and underfill as separate entities, additives tailored to each individual 
component may be added to provide both the flux and the underfill with desired properties. For 
example, the underfill can be a thermoplastic that de-bonds at elevated temperatures, or the flux 
10 layer cart be designed to de-boridv As M alternative, the flux can convert to a strongly-bonded 
•, . polymer after it^missiori 'as a flux has been accomplished; and the underfill can have the de- 
bonding properties.: A§ r^dhi^lsysteihlm Which' Influx aHd'toiaferfili are maintained as separate 
entities is extremely versatile^ ; !fJ ' ' ; i ! ; • ' ; ' ' ' ' 

Likewise,; an alf erhative embodiment emp&ys the iisi of ah underfill only. In such a 
1 5 case, there wdtild be a> requirement that fliix M^id'ed'^aiactel^to the board or to the flip chip 
using any of the wid£ 'variety of prdcesses-mat ; are ; curremtly4ti corhmercial use: Although an 
additional fluxing step would be fecjilired; the use of an underfill-only embodiment would still 
eliminate the necessity for themnderfili process after the chip is mounted, while allowing the use 
of Standard electronic -compoh^ iKS^mitffy equipment. 
20 In one embodiment, the invention comprises the application of a layer of hardenable 

underfill to a bumped wafer followed by drying orhardening. The underfill material is 
preferably a thermoplastic or a thermoset having a very low crosslink density. In either case, the 
underfill material is filled with a low expansion inorganic particulate material such as silica. The 
resulting underfill should preferably have a coefficient of thermal expansion (CTE) that 
25 approximates that of the solder joint or other joining material. In the case of eutectic solder 
joints, the CTE should range from approximately twenty to thirty parts per million per °C. It is 
preferred that the resm system is soluble in a safe solvent system to allow the resin to be coated 
as a liquid in a viscosity range suitable for wafer-coating methods: Although a dry polymer film 
or powder could be coated onto the wafer by melting, a liquid is preferred because of the 
30 availability of wafer dispensing and coating equipment adapted to liquid handling processes. 
Additionally, this embodiment includes a layer of ffu'x that is designed to' be compatible with 
flip-chip assembly and underfills. 
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One such flux system includes epoxy^sigs and an organic carboxylic acid,- an anhydride 
or a combination thereof, and is commercially: available from Alpha Metals under the trade name 
ChipFlux 2020. This material is a carboxyacid system. (Anhydrides are used in flated 
products, although : the acid deriva^ 

5 Although this mat^al is a pjiste made wift l^d (PJ >^y resins, the system o^toe.*ead«y 

modified for use in the present invention, for example, solid epoxy; resins haying slightl^igher 
molecular weight than liquid epoxies can, be substituted and used with carboxyh^acid as the, 
flux. Even with solid epoxy resins and carboxylie.acid (whiph is a solidat room temperature), 
the system can easily be dissolved in polar, solvems.an4 ; can.4hen be coated m & liquid .state and 

10 dried to a solid film,, Although^hepre.fe^ spraying, f 

or stenciling, thij wafer car, a]sp be cQ^us^a.^iffiB EBMW.in whjch;the b.ump side.of the 
. w^erj's,pre^^#nst^ ^ Iax^oJ^^.a ; dis^ffi^ ^-C0ritf»p& rotating platen 
disk and a doctor blade (described below) to control the liquid tfcrekaess. '>c»" w 
Flip qbips.ha^ 

15 i . ; as>llow S . r An'indiyidualfl^ " ' 

the circuit board in a manner, suph^^ P rinted 
, pn the board . The assembly is-thp^passed to. a s^tfggp re-flow, soldering, oyem Th§ 
'application of heat causes the flux.to melt and activate. /For applic^ns. using the solid; ^ 
ChipFlux 2020 described above and used mte#s, the material is heated to t ab ft ut- 80° C 4; hpwever, 
20 the useful range is about 40° C,tP. about 100°,C. .Tlie actuated flux removes ojddp on the solder 
bumps as well as on the cirpuit board. ; A^hpat^ig is cqntinued to higher tpmperatures (typically 
by moving the assembly into a higher temperature zone of .the oven),. the spider bumps, are 
caused to melt and form a metallurgical joint between the flip chip and the printed circuit board. 
At that elevated, temperature, the flux becomes deactivated. n For examplei in, the case of a , 
25 carboxylic acid/epoxy flux system, the elevated temperature causes the acid to , chemically 
combine with the epoxy and become neutralized so that there: will be n$ tendency toward 
corrosion! Such fluxes are called "no ; clean" fluxes, These.fluxes are typically: heated to about 
1 90° C to about 220° C, however, the lower end of the temperature range is preferred since the 
flux does most of its work at solder reflow temperatures. , The flux deactivation process also 
30 tends to harden the flux and create ; a, strong bond to the printed circuit board. Such, a bond as .very 
dpsirable, and results because the typical printed circuit hoard is made wtth epoxy, thereby 
enhancing the ability of the similar epoxy-based flux to bond to the.bpard > , - 1 1 



■ WO 99/56312 ■ PCT/US99/08812 

- o - 

Since the flux and underfill are contained in separate layers in the devices of the present 
invention, it is not essential, although it is preferred, that the underfill layer melt. The underfill , 
must- soften and preferably melt so that it will wet out arid bond to the circuit substrate. Since the 
maximum soldering temperature for common eutectic solder is about 220-225° C, the underfill 
5 will have softened and/or' melted upon reaching this temperature. However, in the case where a 
higher melting underfills needed, bonding can take place at the softening point if downward 
force is applied. It is 'preferred that only about half of the original bump height be covered with 
underfill since it is expected that the bump would typically collapse to about half of its original 
- height as the solder wets the conductive pad on the printed circuit board and forms the joint. 
10 After the solder has melted, the assembly is allowed to cool, thereby allowing the solder 

to harden and to form a solid metallurgical jtiint between the flip chip and the board. The 
resulting assembly is protected from thermomechanical strain by the underfill and flux layers. In 
one preferred embodiment, me fiux "may assufhe ; underfill properties' as the result of 
polymerization; ' ' 1 - ! 

1 5 The flux can be made iritd an lindef fill-iike material by adding! sufficient low-expansion 

filler such as silica/ It ! has been fecogriteed that the flux polymerizes'during'the solder reflux 
process to a therrnbplastid state. This means that the underfill arid'tne'flux can be reworked by 
heating 1 the chip above solder refiow (i.e., about 200° C)! This also means that any flux residue 
can be removed by a pdlar solvent if necessary . ThaVresult Is optional, however, because most 
20 of the firm solder joint would be encased in the-underfill composition which serves to provide 
optimuni protective properties to the joint. 

Alternatively, a standard flip chip bonder that can apply heat and pressure can be 
employed instead of the refiow overt. In that embodiment, the flip chip coated with the flux and 
underfill is placed into' contact with the conductive pads'on the circuit board and heat from the 
25 bonder head will activate the flux, form joints by reflowihg the solder bumps, and cause the 
underfill and flux System to bond tightly to the board: The use of a standard flip chip bonder 
would allow a flip chip to be' assembled to a board that already contained mounted components. 
This method could also be used to assemble a chip at a site that is being reworked. 

Reworking is desirable in situations in which a chip mounting step has failed to properly 
30 position the chip On the board. Specifically/the assembly of fine pitch, high-density components 
can result in misalignments and failed connections" Furthermore, since it is difficult to fully test 

an unpacKagea aevice sucn tts u mp tmp, u ucuumca u^uauic lu auiv ^ ^.^^ * ~ * r — 

thf>r through a fault with the chip 



or as.a result of improper mounting. Tliermoset underfills do not allow the assembly to be 
reworked since thermosets cannot he m ; e.lted,Qnc§.they haye f crosslinked. . 

The present invention eliminates ^problems associated with Ihennoset underfills by 
incorporating a thermoplastic resin as the main component of the underfill. Thus, the chip can be 
removed'by raising the chip temperature, to abpye.the melting-point of the solder (approximately 
183° C for tin/lead solder) and above the de-bonding temperature of the underfill-resin. 
Typically, the rework temperature must be above the solder reflow temperature, but less than 
about 220° C depending on the circuit substrate. An average rework temperature would be about 
200° C The temperature can be higher if localizeA heat ^ used;,for examples in an alternate • 
embodiment, a chip bonder could be used to remove .chips from a substrate, post-bonding. Instill ; 
another embodiment, the underfill may .also include a P-staged thermoset that,will de-polymerize 

at an elevated temperature..., ^. . iV ,.. ;,., v ; n; ..-o-r:' v. -r.h du:;^' 0 - ( : " ' ^ 

Suitable the^ 

polyamides, polybutene," 'polyesters and some polyolefins. It is noted that the underfill does not 
need to be melted v rathcr, it.is only. necessary. I^^h^urtderfll^p soften ibr,de.bpnding. 
Desirable polymers for use asttermpph|sfic ; .und^JJ^^ attach 
adhesives 'available from Alpha Metajs^nder^e tradename Staystik.,,S : uch,m i aterials can be de- 
bonded cleanly at elevated temperatures. Thus, when such materials aroused, the thermoplastic 
' film can be pealed away from both the c^ leaving no 

residue. . ■.?<'■■■■■■>, r i ■■ .' ; : .'. :'!^-' : - - " '•■ • ■" it '- ;; ■ ;: ' 

Alternatively, the underfill can be made from ;; a resin that is known ta debond when a • 

specific solvent is applied.- One such resin system is a temporary attach adhesive available from 

Alpha Metals under the trade name StaystHc393. .TJnderfil^s maderwith,St-aystik can be modified 

to contain a low expansion inorganic filler, preferably, a spherically-shaped silica of about 5 to 

about 1 5 microns in diameter. In order to, achieve the desired coefficient of thermal expansion 

(CTE) close to that of tin/lead solder (22.5p r prn/deg.° C), the underfill should comprise about, 60 - 

70% by weight silica and about 20 - 30% resin. .Note that one advantage of using Staystik 393 is 

that it does not dissolve, but does debond in the presence pf alcohol, thereby providing a system 

by which any residue can be easily removed. ^ , ; • 

An underfill made with resins of the type, described above y would allow the underfill to 

debond by adding alcohol around the, chip site. That notwithstanding, however, the solder joints 

would still have to be heated to solder reflow temperatures to allow, the chip to be removed.. 
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Although dither one of the flux or the underfill may be applied to the bumped chip first, it 
is preferred that the flux be applied prior to application of the underfill. This is because the 
surface energy properties of the interface between the bumps and the underfill can cause the 
underfill to creep up the side of the bump, thereby covering it entirely. This effect is undesirable 
because the underfill becomes' positioned between the solder b [ timp and the pkd onto which the 
solder is intended to contact; thereby causing the underfill to act as a contaminant. To address 
this 1 situation, flux is applied to the bulrips first 1 In one preferred method, a dip-transfer process 
using a reservoir of flux paste cah be used. This process is as described below. 

FIG 1 depicts a flip chip assembly TO which comprises a wafer 12 having solder bumps 
14 on its surface^ Flux may be provided on the bumps 14 by means of the apparatus and process 
depicted irtFIGSi 2A aiid 2B. Specifically /FIG. 2 A is a top view : of a flux Application apparatus, 
and FIG. 2B is a side dlevMioMview of th&t apparatus. In FIGS. 2 A and 2B, the flux 
application apparatus 20 comprised ^rotating platffi 22 J which communicates via a spindle 24 
with a drive-friot^ 

predetermined distance above theplafen is mounted on one si#6. A flux paste 30 is provided on 
'the surface of the platen 22 upsir^afri of the doctor bladef When the; platen is rotated, the flux 
paste 30 is forced 4hio the gap between the dbctot blade IS and the platen surface 22, thereby 
causing the flux paste downstream of the doctor blade td tie kt a predetermined and desired 
thickness. In oiiC embodiment, it is preferred that the thickness of the flxix paste 30 downstream 
of the doctor blade 28 is less than that of the height of <bach bump 14 itioVe'the wafer 12. The 
wafer is dipped into the reservoir of flux paste as can be seen in FIGS! 2A and 2B. Since the 
depth of ihe.fiux paste 30 is less than' the height of the solder blimps 14, only a portion of the 
bumps will become coated with the flu'x. Alternate flux coating methods include screen printing, 
roll coating and tampo printing since only the tops of the bumps need to be coated. 

FIG. 3 depicts a bumped wafer that has been provided with flux in the manner shown in 
FIGS. 2A and 2B. Specifically, FIG. 3 shows a wafer 12 having sblder bumps 14 thereon. On 
each bump is a flux coating 16 which covers a portion of the bump. Once each bump 14 has 
been provided witfra flux coating 16, the flux can be hardened by drying. As noted above, one 
preferred flux is a solid version of an epoxy/carboxylic acid type of flux commercially available 
as Chip Flux 20/20. The flux is dissolved in a solvent and provided with a wetting agent such as 
FC430, formerly available from Minnesota Mining and Manufacturing Co., or Fluowet, a low 
surface tension surfactant available from Hoechsi-Celahese, to provide the deposited flux with a 



After the solder bumps 14 have been provided with a flux coating, jt#,. the spaces on the 
wafer surface between the solder bumps 1,4 ar£ provided with an underfill in: the, liquid phase. 
The liquid underfill is applied to the >vafer by spin. coating^, screen printing„ ( or any-o&he 
common methods for applying liquids to.surfaces.. , The resuming device is depicted in FIG. 4. ; 
Specifically, FIG,. 4 shows a wafer 12 having, solder humps U each t ,haying;a-flux coating 16. 
The underfill material 1 8 is deposited on the wafer 1 2 in the ; spaces,between |h'e voider bumps 1 4. 
Since the flux coating l6,has a Low surface energy, th^.u^derfillJ8 does not become a..coatitirg 
over the flux 16, This is because, surface chemistry pnnciple^require thai wet^g will only 
oqcur if the surface energy of the liquid (i.e.* the underfill 18) flower than M of the^olid 
surface (i.e., the flux coating } fy. Since t|ie materials are^selepted s-ueh .thattheilux ? ;liquid, has a. 
higher surface energy than the flux coating, £ receding. cp^tact,angle results, awhe interfece . 
between the flux.coating 16, the,und£rfi|y4andrtie ^ui^undi^g.ai^.This.iis shown auegion 15 
of FIG. 4. Even though t^e .underfill 48- may,rj,oi wet, the, dried, flux, costing. &m coating 

will still readily wet the bor^pad;?: ^ This .is a 

result of the effect that,, wh^n heat is app}ied, i ^e,flux coating-, J.6 m§Us andJ?ecomes. a liquid with 
a. low surface energy. Again, sinc^the §p 1^ than the bond 

pads, the flux liquid readily.^el5 r tb^..^9:^Ltion, ifdesyed, the flux: plating, ^, -can be 
provided, with various wetting additives such as the afprementionedFC430 or Fluowet. ;i - •; 7 . - 
Alternatively a silicone, such a,s„Silwe.t ^-7 r 7. ayaUaJ^.^mjUnion Cafbide could, be enjployed^ 
In an alternative embodiment shown in FIQ. 5, the ; flux,poatingl6 may be applied,*© the 
solder bumps 14 in a manner such that i,t entirely covers, them. Upon heating for the purpose of 
soldering the chip to the circuit.board, the flux will melt and readily y/etthe bond pads. The , ■ 
softened underfill, being a thermoplastic paterial, will flow in around the bump as the flux flows 
away. As such, any residual flux will not act, as a contaminant having.a tendency to reduce 
adhesion. , iS . , ,.,t . ,. , ■ . ; , ■■ => < ■ 

In another embodiment of the present invention, the underfill acts as a mask.during 
application of the solder bumps. In this embodiment, a coatable underfill material, (typically a 
composite of a dissolved polymer and a solid filler in a solvent) is applied to the. wafer surface, 
prior to application of any solder bumps. It is important that the material selected for application 
has properties suitable for use as a flip chip underfill, or at the yery least, can develop. such 
properties during reflow sq^er assembly processing. The preferred material is a thermoplastic, 
such as Staystik™, commercially available , from. Alpha Metals, Inc. This material is then v 
modified with a predetermined amount of an appropriate filler to provide the,un4erfill with, a 



WO 99/56312 .■ PCT/US99/08812 

coefficient of thermal expansion (CTE) that approximates that of the solder joints which'will be 
formed by the bumps. A mineral filler such as silicon dioxide is preferred. The preferred CTE 
of the resulting underfill material is approximately 25 ppm/°C, although values' of up to about 45 
ppm/°C are also envisioned. Even after processing the CTE of the underfill cannot become 
5 greater than -about 60 ppm/°C, bdeause this can cause detrimental thermdmechanical stresses at 
the solder joints. 

The preferred' filler material is Spherical and has a diameter less thari the high of the 
solder bumps that will be applied to the wafer. Thus, as typical filler ranges in size from about 3 
microns to about 1 5 microns. While silicbrl dioxide is preferred because of its ready availability, 

1 0 other non-electricklly conductive materials such as aluminum nitride, aluminum oxide and 

- beryllium oxide can be use as well . : 

; A solvent; or solvent ^lenU^wliich'ii'compatible with each of the components is selected. 
Among the suitable 1 solvents are infclu&bd miny comittBn oxygenated; nitm 
solvents as f well as many "polar aroifetic solvents: f herpahibular solvent system chosen should 

1 5 have evaporation arid'boilirig pbintsthat allow removal of the solvent in the environment of a 
drying oven once the wafer is coated Suitable solvents can be found 

in the Staystik pasties available from ; Al^fi4Met£tls';lhc^V ' '" 

In use, the underfill material is applied directly to the face, or active, side of the wafer 
prior to bumping/ Semiconductor wafers typically have access, or bonding, pads formed of 

20 aluminum; Such pads arc typically made solderable prior to bumping and, in this case, prior to 
applying the underfill material. The access pads are rendered solderable by depositing a 
solderable finish, often referred to as under bump metallization (UBM); Several UBM processes 
are commercially available, as are third-parrylmK4 services provided by vendors. In the UBM 
process, the solderable finish is usually applied to the aluminum access pads using either vacuum 

25 deposition or chemical plating. 

The underfill solution can be? formulated to have the correct rheology for application to 
the wafer using any of a number of methods. For example, since the ratio' of solvent to solids in 
the solution determines the viscosity of the solution, it is possible to formulate underfill solutions 
* that can be applied using different methods. Since the solvent is substantially entirely evaporated 

30 after application of the underfill solution to the wafet, the resulting, solid underfill layer can have 
the composition regardless of the initial viscosity and percent solids of the underfill solution. 

nni^' — -U- 1_ j_1 . 1 _ a. j. - _ .! ^ 1 ^ . ~ . ;»U^ ' -P*-**- A n »^ « W +V» a >/\lt/1n A-tvrArt cr i it-i A ^r-fi 1 1 

1 nib icbuna uccausc mc sOivexu acts simpiy us <x vcmoio iui ^anyiug sunua uui xia^ uiiu ^ 
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In one method, the underfill solution ; ean : be applied by spin coating, a common 
semiconductor processing method in which liquid is deposited onto a. spinning waferin order to 
provide a smooth and level coating, An underfill.having,a viscosity in the range of about 80-85 
Kcps, measured at 2.5 RPM using an RVT #6 spindle, on a Brookfield viscometer, hasbeen 
found to give good results. . When applied to a wafer, a wafer spin rate of about 1200 R?M yields 
a smooth coating. 

A second method is stencil, printing.,, This method requires a more viscous material that is 
produced using less solvent.. The thixotropic index, (i.e., change in visccsity as ,a result of 
mechanical shearing), can also be adjusted, using thixotropic additives, to improve printing. , . r 
characteristics. The thickness of the stencil determines the amount of material applied to the 
wafer. Likewise, the amount of solvent contained in the underfill so lutipn, determines the , : 
amount of thickness reduption that oppurs .in the underfi ll dutimg.jd^dngjanA. solvent evacuation. 
Thus, it is necessaiy to consider both, the stencil thickness and.the. solvent percent of, the underfill 
solution in order to precisely control .the, tl^ckne.^ 

thickness range of about 25 ,to about. 125 miprons is suit^le.a^. will; depend onthe. heightof the 
bumps to be produced at a later stage,, selected to ^ ■ 

preferably be from about 50 to about 80% of the bump -height to allow, form the bumps to 
eollapsc during the solder reflow step. . . . ■ : ■ ■•: -\> ■ 

It should be. understood that while spin coating and stencil printing are, preferred, many 
other methods pan be used to apply the underfill to the layer. These include, but are not limited 
to, needle deposition, spraying, spreen printing, andothers. - 

The coating is then dried by heating it in, an oven, or by direct heating of the wafer. It has 
been found to be advantageous to heat the wafer while simultaneously using a forced,- hot air, oven 
to help drive solvent out of the coating. Combined top and bottom heating can eliminate any, 
tendency to trap solvent in the underfill layer by a prooess known as "skinning" in which the 
surfaee of the underfill material dries prematurely and forms a film (i.e., a skin) ; that acts as a 
barrier to further solvent evacuation. If drying is carried out properly, the resulting underfill 
material is non-tacky and amenable to handling. .. .■ : - 

Alternatively, the coating composition can be cast onto a release paper and then dried into 
a film. The film can be cut into a proper shape, palled a preform, and applied, to the wafer. 
Heating, with the application of pressure, will pause, the underfill layer to bond to the wafer. : . 

In order to apply the solder bumps to the underfill-coated wafer, openings must be ; 
formed in the underfill-film at eaeh interponnept pad lopation. In one preferred embodiment, -the 
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openings are formed using laser piachining techniques, Excimer lasers, for example, can be used 
to create openings in polymeric films by a photpablation process in which ultra-violet radiation 
causes the long-chain polymers to break down into, small volatile by-products. Patterning can be 
achieved using either a pattern mask or a directed beam. Optical defraction grating patterning 
5 methods are also available, jPhotoablatte is particularly suitable for the present application 
because it occurs-with only a minimum amount of heating and does not damage the wafers. The 
process parameters can be set so that machining stops when the metallayer below the underfill is 
exposed, thereby making the process self- limiting. This is not always necessary, however, since 
many metals are jesis^nt to laser ablatiqai Although UV lasers are preferred, other lasers, such 

10 as infrared (IR) lasers can be ijsed as weh: ; ; r* t;o ' ■.<>;:■ ' : r 

Bumps of a suitable) spider, allpy are next applied to the wafer using; the -underfill as a 
mask which exposes ^nly^ose -sectiorit' of til© wafer which are to have ; soldeir bumps applied* -i.e., 
the expq^d pad areas <?fo^ do not require mask removal 

may be employed , M&ne emboditoent^ «ledrolessJplatiiag eanbe^seB, ^Although the method 

1 5 does nottypipally require a mask^a high aspect ratio iof plated material can be provided using the 
mask, and in the case of solder bumps, such high aspect ratios ard desirable/ In cages in Which a 
zincate-electroless nickel process i$ employed; under bump metallization (described above) can 
be eliminated sime the zincate treatment makes the aluminum platable by nickel : r: 
- : Bumps^de pnly from solder may be^made by starting with solder pastes that are widely 

20 available.. Stenciling, screen printings pin transfer and other methods can also apply solder paste. 
Once the paste has been applied; the,bump is formed by melting (i.e., reflowing) the paste,- It is 
necessary to control the conditions at this point, however, because the underfill can soften or 
even liquefy into a viscous state if it is heated too much during the solder reflow process. 

Other, solder bumping methods include metal fluid jetting, or inverting the wafer and 

25 parsing it over a solder wave <or fountain of molten solder. ■ 

, Flux is deposited onto the protruding solder bumps since it is not required oh the face of 
the die. ; Since the solder bumps protrude above the surface of the underfill material, a number of 
methods can be used. For example, a thin layer of liquid flux can be coated onto a flat plat of 
glass. The wafer is then placed, bumps down, onto the thin film of flux and then withdrawn. A 

30 thin coating of flux, which can be subsequently dried, will remain on the bumps- Other methods 
such as roller coating, screen, printing and tamp printing can be ? &sed as well. ; 

nWm* Am; nf a wirl^ v.arif=»t\; nf thp. mptlnnHc bnwn in the art for did ne wafers can be emnloved 
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to that end. The sole requirement of the inventive wafers is that the' process he such that it does 
not interfere with! the underfill material -apptieditoithe wfefer/ehip surfaces.' - -•" : q - 

Once diced, individual flip chips may -now/be bonded to circuit boards and the"- like. The 
flip chip is placed and aligned to the bond pads of a substrate. As Used herein, the term 
5 "substrate" is intended to mean ,a circuit board, a chifp Garrier-^ Mother semiconductor- deviee-or a 
metal lead frame, rlt is jiot necessary to add flux; although .fluX^maybe^decl for special reasons 
(Suo h as compensating for excessive oxide on .subkratespadsror the-he'ed^to hold-the'fKp chip m 
-place. during assembly. .-■>•■!■ : j-> '-> r . '■ ■ '•' •' ' 

The positioned- chip. is. then rurf 'through' a soldier reflow lirie^dmmonly ; used for assembly . 
1 0 A multi-zone oven, with individual heat controls that' permit k '•hgatingiarofile is preferred; 1 'The 
flux melts at a;temper&ure,ranging fk)m;abp ; ut«Of G^d'about-i4a , ?<SU? The^meltiiit point is 
deteHnjned'tbyiael^tingiluxe^havii^;#o^iresiiis ^iiMm^pMt^mirig^i^. ' Flux 
composition^wiU ^described inrgnMerrdetaihbeiaw. M high^eniperat«res,'thi underfill 
softens : apd may ^alsc^nidtrfepe^a^Mpoh^rssSttfeWct^J ' Like th@«ilxe^'ufide¥fil-l ' : ; 
15,,., cgmppsitip:n ( w,i;ll be described, inl gceatercdetail below;, ilfhe Softer bumps fMaliy melt and form 
ni)Stallur^QaAiomU>te\thesuh^atsiJa-r rty;! >*■ >: i0 - : -" f ■* 

j . ; ,-, Alternatively, a standard? flip chip 1^der^ti»atiD^^pply4ieat ^ a«4'pfeiSure©an , be- • 
employed instead of the refiow oveou-rln that embodimenli; the flip chip -coated with the fliix and 
underfill is' placed into contact with the conductive 1 pads on the circuit board arid 'heat from the 
20 bonderiiead will activate theilux, foiim jomts.by arefiowing the solder bumps, and cause the ; ' 
underfill and flux. system .to bond tightly to the. board,. tThe me fof a stafidard?flip chip bonder 
would allow a flip chip to be assembled -tova board that 'already contained mounted components. 
This method iCould also be used to assemble a chip at a site that is being reworked. ' • > 

The present invention recognizes that flux is required only at the areas of the solder 
25 bumps, and not in the spaces in between those connecting elements. -Thus - the present invention 
separates the flux from the underfill in the regions between the solder bumps, - Furthermore, by 
maintaining, the flux and underfill as separate entities, additives tailored to eachindividual 
component may be added to provide both the flux, and the underfill with desired properties. For 
example, the. underfill can be a thermoplastic that de-bonds at elevated temperatures, or the flux 
30 layer can be, designed to de-bond. ..As an alternative, the flux can convert to aJstrongly-bonded- 
polymer after its mission as a flux has been accomplished, and the underfill dan have the de- 
bonding, properties, ; As such, a system .in which the flux, andiunderfili are maintained as separate 
entities. i^s extremely versatile. v.: - -^'l: \ -or u f ■■■.'■•■■< 
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The invention can be further understood with reference to the attached Figures. As can 
be seen schematically in FIG. 6, a semiconductor device 110 comprises a portion of a 
semiconductor wafer 1 12 having an underfill material 114 applied to one surface thereof. The 
wafer 112 further includes a plurality of connection pads 115 which, ultimately, will contact the 
5 solder bumps and provide an electrical connection between the bumps and the underlying wafer 
circuitry: The underfill material has been applied to the surface upon which the solder bumps 
will be formed. ' 

In FIG. 7, the underfill material 1 14 has been processes to form ^"plurality of apertures 
116 through its depth. Th6 apertures 11 6 are positioned precisely at the connection pads 1 15 on 

1 0 the wafer 112. Thus, as solder material fills the apertures^ it will contact the connection pads 1 1 5 
on "the surface of the wafer. By providing the apertures 116 in the' underfill material " 1 14, the 
underfill material 1 14 is formed into a mask for applying the solder bumps. Xs such; the need 
for a separate mask to position the solder butiipS is eliminated, because the underfill material 
serves the masking rbie aiwedl as ; th& und^finirig role: 1 ■ 

1 5 In FIG. 8, the solder bumps haW been applied to thfe device 1 10. In particular, each of 

the apertures 11 6 ill the f tmder fill rhatteriil ^ solder^uriip 118. The bumps 

1 1 8 electrically contact the wafer 1 1 12 tt&dtlgti thid connection pads 1 15, and extend a' slight " 
distance above the underfill niatenaf 1 14 as welL ' 

FIG. f shd^s the device 110 after thei application of a flux material 120. As can be seen 

20 in the Figure, the flux 20 covers the entire exposed, bumped surface of the device 1 10. An 
alternative embodiment is shown in FIG. TO. Ih that Figure, the flux 1 20' does not cover the 
entire bumped surface of the device \XQ, but father, 'covers only the portion of the bumps 1 1 8 
that extends above the underfill material 1 14, As such, flux 120' will be present only in the 
precise areas in which it is heedecl, rather than over the entire exposed, bumped surface of the 

25 device 110. ^ " " 

The following Examples will help to illustrate' the invention further. 

Examples 

Example 1 : Flux 
Flux Sample 1 * 
30 Flux was made by blending the following with a high speed dispersing, mixer: 
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• 1 i. ~ 

50 wt% PMA solvent (l-mcthoxy-2^propyl acetate); from Dow 

45 wt% EPON 1001 F (Bisphenol A Epoxy); Shell. , :; . . . : ; do 

3 wt% Succinic Anhydride, . Lonzzj . , . : \ ,; . : ' , . •• - " r ; 

2 wt% Thixatrol ST (thickener); from Rheox ? : : ^ 

5 Flux Sample 2 ^ .. . :> : . ■ , ? . ■ r t r " -' • '• •" 

Same mix 'as above but 0,1 to 0.5 wt% wetting agent (Fg43fl oj Ruowet OTN) was 
added to reduce any tendency of the underfill to wet over the flux-coated bumps, , r: 

Flux Sample 3 ^ . . , r < ■-, . ,•; ;> , • : . : ■'■ : ^ - : - 

45 grams PMA solvent J -melhoxy-2-propyJ.^ t , ^ 

10 48 grams EPON 100 IF (Bi$phcno^ r 

5 grams A.dipic Acid, Aldrich Chcfni^a) _ v . v p : - t- :;i ; 

2 grams Thixatrol ST (thickener); frorrj £];iepx . \ . f . (j ; ;0 - :.■ <■ = n 
The resulting fluxes had viscosities of 'ob&\#J5§}pps,, ^isposit^ c^^asilyrb^.adjusted 
by varying the amount of the thixotropic agenU; Jj^e |pr ? flux^s,tp b^sedin : ; 

15 applications of the. present . 

Flux, was applied to. the bumps, in each, e f ase by gating fljfc ftf Almonte a glass plate sp 
that the flux' thickness was 2 to 3 mils. The. flip cjhips, were dipped in,ta tl^e ilux and removed 
with flux clinging to the bumps. The flux was .dried by placing; the chip upright in an .oven .at 
about 150° C for about 5 minutes. It js expepted.lhat, tb.iss, process will ajsp,work.0n a.w&fer. 
20 Flux/Underfill sample 4 , ... , . ._- r _ rJ - T -r-.;y-- , ,. , ■ ■ > >l . ^i. ! ; ' i! 

Staytik 383 paste (no filler) was dispensed onto the bumped side of the chip with a ,. ; 
syringe and allowed to flow out before drying in ^ vacuum oven at about 70^. C for about 30 
minutes. The dry film thickness was less than the bump height. Burpps that were coated with, 
flux containing the low surface tension wetting agent gave the best results, with little or no, 
25 underfill remaining on top of the bumps. Although soldering can still occur even with underfill 
on top of the bumps, the best results occur when onlyilux coats the upper bump^ surfaces. 
Test Set 1 ;i 

Flip chips, only coated with the three fluxes described above and no underfill, were used 
in the first set of tests intended to confirm good flux action. Each flux-coated chip, was placed - 
30 with bumps down onto a 1" diameter copper disk that was not pre-cleaned and therefore had a 
tarnished appearance. The samples were placed on a hot plate at about 216 °C for about 3 
minutes. The flux and solder bumps melted causing the chip to attach to the copper. The copper 
became shiny in the areas contacted by the flux. 
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Samples were also run through an Electro vert Atmos 2000 convection oven with a peak 
temperature of approximately 220° C. It was found that the chips were soldered to the copper 
upon removal from the oven. ■ : 

Test 2 . ' 
5 Flip chips coated with both flux and underfill were run through the Electrovert oven at about 
. 216° C peak temperature. Solder joints formed at the copper interface and the underfill 
also bonded. 

Example 2: Thermoplastic Reworkable Underfill Coating Solution 

1 00 grams of Staystik 908 (a 20% solids phenoxy -solution) was blended with 30 grams of 
10 silica filler (FB-35 from Denka Ltd., Tokyo, Japan) using a high shear type mixer (Cowels 

Dissolver run at 2500 rpm) for 2 minutes. Entrapped air bubbles were allowed to dissipate prior 
to using the solution as a coating solution. 

The resulting material was spin-coated onto an unbumped wafer mounted on a wafer 
coating machine (SCS Coater P6204-A). The coating was then dried using the following profile: 
15 50° C for 20 minutes, 80° C for 30 minutes, 1 10° C for 30 minutes. The resulting fill was found 
to be smooth and dry. 

Subsequently, openings were produced in the dry film layer using laser machining. 
Eutectic solder bumps were then formed in the openings. This was accomplished by applying 
solder paste to pad areas on the wafer using stencil printing, and then reflowing the solder to 
20 form the bumps. A flux was then applied to the bumps. 
Example 3: Flux/Underfill Preparation 

40% by weight bisphenol A epoxy resin (Shell, Epon 1 007F) and 45% by weight 
dipropylene glycol methyl ether acetate, were blended together with 5% by weight hydrogenated 
castor oil. The blend was cooled to 25° C. Following the cooling step, 10% by weight adipic 
25 acid was dispersed in the blend using a high speed mixer. 

The resulting flux is useful for coating onto solder bumps and the entire exposed, bumped 
surface of a wafer, including the underfill. Alternatively, the flux can be applied to the bumps 
only. Once applied, the flux is converted into a solid by drying it at about 60° C for 30 minutes. 
Equivalents 

30 From the foregoing detailed description of the specific embodiments of the invention, it 

should be apparent that a unique flip chip having an underfill which also acts as a mask for the 
bump application process has been described. Although particular embodiments have been 
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and is not intended, to be limiting with respect to the.scope of the appended claims which follow. 
In particular, it is contemplated by the inventor that various substitutions, alterations, and 
modifications may be made to the invention without departing from the spirit and scope of the 
invention as defined by the claims. 
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• CLAIMS' 

1. An integrated circuit assembly which comprises: 

a) a substrate having a plurality of solderable contact sites on a surface thereof; 

b) a plurality of solder bumps positioned on the substrate such that each of the solderable 
5 contact sites has one solder bump associated therewith, the solder bumps being affixed 

- to the solderable contact sites; \ 

c) a flux material which covers at least a portion of each solder bump; and 

d) an underfill material applied to the surface of the substrate, the underfill material 
occupying a space defined between each of the solder bumps and being of a depth such 

1 0 that at least a flux covered portion of each solder bump'extends therethrough. 

2. The integrated circuit assembly of claim 1 wherein the sub'stratb'fcdffipfises a semiconductor 
wafer. ' • - ■■'■■■■>''<"*■ ' v '- : ' V ' ;J - - - ! r J ' * y ' •' ° ' ' ' " 

15 3. \ The integrated circuit assernbiy of claim 2 wherein tKe : $ubsf£f atb comprises a semiconductor 
chip. • 

4. The integrated circuit assembly of claim 3 wherein the substrate ; cdniptises a flip chip. 

20 5. The integrated circuit assembly ofdaimJ^wherein the flux covers substantially all of each 
solder bump. 

6. The integrated circuit assembly of claim 1 wherein the flux comprises an epoxy resin and a 
material selected from the group consisting of carboxy lie acids, anhydrides and 

25 combinations thereof. 

7. The integrated circuit assembly of claim 1 wherein the underfill material is reworkable. 

8. The integrated circuit assembly of claim 7 wherein the underfill material comprises a 
30 thermoplastic material. 



9. The integrated circuit assembly of claim 8 wherein the thciirioplastic liiatejuiar is selected 

A-nm +"U ^ /n r ^ rt .,,— « rt «nif+mrr r\f nl-ipnrkvir -r^oi'nc ar^r-wlir* rpcinc m^tVi nr>r\/nC, TPSITIR 
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polycarbonate resins, polyamide resins, polybutene resins, polyester resins, polyolefin resins 
and mixtures thereof ■ r . < : - / ' - 

10. A method for.making : an integrated circuit assembjy which: comprises: ; : ; 

5 a) . providing a substrate having.a plurality of solderable contact sites, on a surface thereof; 

b) positioning a plurality of solder bumps on the substrate such thateach of the solderable 
contact sites has pne solder bump associated; therewith;- •. ... . 

c) affixing each spider bump to its associated contact site; i ' - 

d) applyirig a flux materials the soldei-bumps in a manner such ? that,at least a portion of 
10 each solder bump is provided with flux; and 4 ; •</■.., - :' ':s 

c) applying an underfill material to the surface of the substrate in a manner such that it 
..occupies a spaep defined, b^veen e#ch pf thf spider- buirxps andis of a- depth suqh that at 
least a flux covered portion of each solder bump extends therethrough. ■ '. : 

15 ll^Jhe method. % 10 whprdn,#e substrate 

comprises a semiconductor wafer. .a^,:.; 

1 2. The method for making an integrated, circuit assembly of cl|tim : 1.1. wherein the substrate 
comprises a semiconductor chip. 
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13. The method for making an integrated circuit assembly of claim 12 wherein the substrate 
comprises a flip chip. ~ 



14. The method for making an integrated circuit assembly of claim, ,10 wherein the flux covers 
25 substantially all of each solder bump. • :.. 

15. The method for making an integrated circuit assembly of claim 10 \yherein ;r the flux. *• 
comprises an epoxy resin and a material selected from the group consisting of carboxylic 
acids, anhydrides and combinations thereof * . ^ - 



16. The method for making an integrated circuit assembly of claim 10 wherein the underfill 
. . material is rewpj-kable. f , . , ,, r . . . - L 
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17. the method for making an integrated circuit assembly of claim 1 6 Wherein the underfill 
material comprises a thermoplastic material. 

5 v 18 . The method for making an integrated circuit assembly of claim 17 wherein the thermoplastic 
material is selected from the group consisting of phehoxy resins, acrylic resins, methacrylic 
resins, polycarbonate resins, polyamide resins, polybutene resins, polyester resins, 
polyolefm resins and mixtures thereof. 

10 1 9 . A method for Affixing a flip chip to a circuit' board which Comprises the steps of: 

: ' a) ■ providing a prihted circuit board having a plurality ! of solderable Contact sites on a 
surface thereof; 

b) providing an integrated circuit chip having a plurality of solderable contact sites on a 
surface thereof, each solderable &icftitktfsite 6ii the inte^ated circuit chip having, a 
15 ; c6rrespontiin 

integfated^ircuit chip further f chara£cte^ 
- i) a plurality' Bf^b^ 
' ° ' bftheso^ 

3 'lias ot& ^oldfer biiriip associated' therewith, th^sblder bumps being affixed to the 
20 solderable contact sites; 

ii) a flux material which cove 
! ■ iii) an underfill material applied to the surface of the substrate, the underfill material 
occupying a space defined between each of the solder bumps arid being of a depth 
such that at least a flux covered portion 6'f each solder bump extends therethrough; 
25 c) positioning the integrated circuit chip relative to the printed circuit board such that each 

; solder bump is in dontact with a solderable contact site on the printed circuit board; 

d) heating the integrated circuit chip to a temperature sufficiently high to melt the solder 
1 and the underfill material; and 

e) : ' allowing the solder and underfill material to solidify. 
30 : ■■ ■■ 

20. An integrated circuit assembly which comprises: 

a) a substrate having a plurality of solderable contact sites on a surface thereof; 
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b) a plurality of solder bumps positioned on the substrate such that each of the solderable 
contact sites has one solder, bump associated therewith, the solder bumps being affixed 
to the solderable contact sites; and . ( .... .,, -. . .. ■>.-■• : , : 

c) an underfill material applied to the surface of the substrate, the underfill material 
occupying a, space defined between each of. the solder bumps and being of a depth such 
that at least a portion of each solder bump, ext^nds.therethrough/ , , / 

21. An integrated circuit assembly which comprises: : . .. . _ . . • •• 

a) a substrate having at least one solderable contact site on a surface thereof; and 

b) an underfill material applipd tQ . 
substantially, entirely, covering ^ solderable contact 
site. ^ ■ ■ .*• :.- r.-r : y.,. ■■: '■ 

22., An integrate^ circuit ; assembly v , ,,■-■< ■• 

\ n a) ,.a substrate having^t.^asl 

b) an underfill material applied to r the,,sur^ 

.substantially entirely cpyering the surfap..p r Q.f the;. substrate, haying the solderable contact 
site except at the solderable cpntact site ^tsqlf, jth^reby, allowing^e underfill to act as a 
mask exposing substantially on.ly; the soldepbJ j ejonta,ct site qn the substrate surface. 

23. A method of making an integrated circuit assembly. whkh f pompiises,m,e steps of: 

a) providing a substrate haying at least one . solderable pontacl site pp a . surface thereof; 

b) applying an underfill material to the substrata surface ia a manner which substantially 
entirely covers the substrate surface and/ the solderable contact site; . , 

c) treating the underfill material to form at least ,one aperture therein,, the at least one 
aperture extending substantially entirely through the underfill material. and^being located 
such that it exposes only the solderable contact site; ,.. (y 

d) applying at least one solder bump to the assembly in a manner such that a bump 
occupies each aperture in the underfill, contacts the exposed solderable contact-site 
therein, and extends above the underfill material; and 

e) applying a flux to the surface, the flux covering at least the exposed portions of the 
solder bumps. . , . . , : .. :v \* 
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.24. The method of claim 23 wherein the substrate comprises a semiconductor wafer. 

25. The method of claim 24 wherein the substrate comprises a semiconductor chip. 

26, The method of claim 25 wherein the substrate comprises a flip chip. 

2.7. The method of claim 23 wherein the flux covers substantially the entire surface upon which 
the solder bumps arc exposed, 

10 ./ .. r vo:tn:w;:;:'::^''r-- >:r- -^ r . ■ - - ^ - ' 

28. The method of.!claiiru2} wherein the: flux cbmprises &n epoxy f esin and a rhaterial selected 
from the group consisting of carboxy Sic M:ids, : anhydi$d6s and comHihatioris thereof 

29. ThcmethodMela^ 

15 '. ' = i ■■'<:> t- ^■■M - orb '^i:; ^'v: .n>,-. ; ,->r<^ 

30. The method ofclaiw2£^ ffiernioplastic material. 

' ::l>:"> V •'. -,r. .s ^ . ' 

3 1 . The method* of dahta 30 whereii^^he th^flioplastid^maLtMal is^ selected frbm the group 
consisting of phenoxy resins, acrylic resins, methacrylic resins, polycarbonate resins, 

20 polyamide resins, polybaterie*es^ resins and inixtures thereof. 

32. The method^of claim ; 23 whereirfthfe ape^ formed using photoablatiori. 

33 . The method of claim 32 wherein the apertures are formed using a laser. 

25 ' ." ; -' ' : '■' ' 

34. The method of claim 33 wherein the laser is selected from the group consisting of excimer 

lasers, UV lasers and infrared lasers. 
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35. The method of claim 33 wherein the apertures are formed using a directed laser beam. 

36. The method of claim 33 wherein the apertures are formed using a pattern mask. 
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37. A method for affixing an integrated circuit chip to a substrate which comprises the steps of: 

a) providing a substrate haying a plurality of .solderable contact sites on ^surface thereof; 

b) providing an integrated circuit chip having a plurality of solderable contact sites on a 
surface thereof, each solderable contact .site on the.integrated . circuit chip having a . 

5 corresponding solderable contact site on the surface of the printed circuit board, the 

integrated circuitchip further characterizing 
the steps of: 

, . , r i) providing a semicon4uctor. wafer having, at least one so^efable. contact site on ^ 
surface thereof; ■.; :ir <■■ • : ■ 

10 ii) applying an underfill material to the wafer surface in a manner which substantially 

- . . entire!y £ p^^ 

iii) • treating the u^er-filLmater^ 

aperture extending substantially entirely through the underfill material and being 

located §w&j%Mt ?x|W§«5S£^l^^j^i4««a^@0nt«a wUfcKsrfctffe .vtfafer;.. '■ 
15 j v ) applying at least one solder bump to the assembly in a manner such that a bump 

: . , , - ; ^,- pccupi^s each ( aperture in the.undsrjl^ 

therein, and extends above the underfill material; 
y). applying a flux to the : ; susface f ,ths ^ flux i covering =at least the J^posedlportions of the 
sol4er bumps; and : : ;: • - .. . . • . ?.ix-/r \ ■ "•otrT \ >■ x 
20 , ,, : v\) dividing fhe wafer into atrleastone-integr^ted circuit , . • - <'! 

c) positioning the integrated circuit chip relative to the printed circuit board such that each 
solder bump is in contact, with a solderable, contact site on the printed.4rcttit board; 

d) heating the integrated circuit chip to a temperature sufficiently high to melt the solder 
and the underfill material; and ; n . : '~ '"' 1 

25 e) allowing the solder and underfill material to solidify. 
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